Neurobehavioral tests have proven useful as noninvasive indicators of subtle neurotoxic damage. We have developed a computer-administered neurobehavioral testing system for application in a wide variety of situations for evaluating the neurotoxic effects of toxic substances in humans. Performance on these tests has been reported to be impaired by controlled laboratory exposure to known neurotoxic substances. In addition, epidemiological studies have been conducted that show poorer performance on these tests associated with subacute and chronic exposure to neurotoxicants encountered in the workplace. A number of laboratories are currently using this system. Additional work on the most appropriate methods of data analysis is necessary, but a data base collected with a standard instrument will facilitate such efforts. An argument for behavioral surveillance as a part of routine medical monitoring in industry is presented.
LETZ 0 Whether repeated testing of individuals will be performed The most important dificulty in testing for effects of neurotoxicants is the incredible complexity of the nervous system. There are many and diverse sensory inputs to the nervous system and motor outputs from it. In addition, the transformations of information between these points can be very complex. To address this complexity, sets, or batteries, of tests are generally administered. These sets of tests are always the result of compromises between competing demands of coverage of many functions, measurement precision, and administration time.
Because of the complexity of the nervous system, the many different purposes for performing behavioral testing, and the various demands of a particular testing situation, virtually hundreds of tests have been developed and used for behavioral testing (see, e.g., Ref. 5) . The neurobehavioral tests used in occupational epidemiological investigations have been borrowed from clinical psychology(') and experimental psychology. ( 2) The use of many different behavioral tests, with administration procedures for the same test differing between laboratories, has hindered comparison of results across studies. Many investigators have recognized the need for better standardization of testing protocols, and a long-term effort in standardization is underway. The World Health Organization has played an important role in sponsoring international meetings that have been focused on this goaL (6) (7) (8) 
DEVELOPMENT OF NES
In attempting to meet the general need for standardized testing methods and our more particular need to have an efficient, practical tool to measure neurobehavioral functions in large-scale studies, we have developed a computer-administered neurobehavioral evaluation system (NES) for use in occupational and environmental epidemiology.(9) Our primary aims in developing NES were to have it: 0 Quantify a range of neurobehavioral functions 0 Of working (adult, primarily healthy) populations 0 In a standard fashion 0 Under severe time constraints 0 With portable equipment and 0 Provide for widespread use The primary function of the data collected with NES would be to relate the neurobehavioral variables to measurements of neurotoxicant exposure. There are two types of exposure situations in which we had envisioned that NES would be used. The first is the cross-sectional epidemiological study, with participants being tested on a single occasion and their performance being related to measures of chronic exposure to potential neurotoxicants, such as exposure to mixed solvents in painters. The second exposure situation to which we knew that we wanted to apply NES was to investigate the acute effects of exposure by repeated testing of individuals over the work day, such as styrene exposure in fiberglass boat builders.
We were attracted to computer administration of tests because of its primary strengths: maximizing standardization of administration via computer programs and providing great eficiency of data collection. In addition, timing of stimuli and responses can be made much more precise with computers than with manually administered instruments. Additional details of the strengths and limitations of computer-administered testing are given elsewhere. (4) NES includes over a dozen neurobehavioral tests that span the functional domains of psychomotor speed, memory and learning, cognitive functions, and mood.@) We have previously provided details of how we addressed the issue of selection of tests for inclusion in NES.(10) Our thinking was very much in line with consensus that emerged from a meeting in Cincinnati, Occupational Safety and HealthJ7) particularly in placing strong emphasis on adaptation of tests that had been found to be useful in a number of other occupational studies. Five NES tests are variants of five of the seven tests in the WHO core test battery.(')
One basic issue that arises in selecting tests for implementation in a test system or for inclusion in a particular study is whether to use complex tests or simpler ones. Most of the tests in NES are simple, although some more complex ones have recently been added. It is commonly asserted that performance of complex tests is more susceptible to disruption than performance of simpler ones. There is much evidence supporting this hypothesis, even from some laboratory experiments using NES tests.(Il,'?) However, complex tests require more time for training and administration than simple tests and may not be understandable or acceptable to all subjects. These limitations suggest that the particular demands of each testing situation should be evaluated carefully before attempting to use complex tests.
Our pre-eminent intention in developing NES was to facilitate widespread use of NES in occupational health. In this arena it has enjoyed considerable success. There are currently over 40 members of the NES Users' Group in the United States and Western Europe. The instructions to NES tests have been translated from English into French. Dutch, Italian. German, Spanish, and Finnish.
VALIDITY OF NES TESTS
To be considered useful as a tool for investigating effects of potentially toxic substances on the central nervous system (CNS), certain information on the validity of the tests is necessary.
However, it should be kept in mind that validity is not a unitary construct. A test may be said to be valid for a particular testing purpose, using certain administration criteria (including the testing situation), for a specific population. That is, it should be demonstrated that the test system is capable of detecting deficits in CNS functioning that are caused by exposure to neurotoxicants. As mentioned earlier, there are several potential situations for application of NES. In addition, the task of validating neurobehavioral tests for detecting subtle effects is not entirely straightforward. One difficulty is that there is no generally accepted model of CNS functions. Even if there were such a model, behavioral tests do not map one-to-one to CNS functions, so there can be no "gold standard" with which to compare results from specific tests.
Moreover, validation of tests for detecting subclinical effects is particularly difficult because, almost by definition, people displaying subclinical effects cannot be identified precisely. Validation is not a state to be proved, but rather a process. Because of the difficulties in directly demonstrating the validity of NES tests for detecting subtle effects of neurotoxicants, several different types of information should be considered in a comprehensive argument.
The reliability, or reproducibility, of results with the tests is crucial to establishing test validity. This is important information because a test cannot be more valid than it is reliable; that is, unreliable measurement cannot be accurate. We provided some preliminary information on reliability of NES tests,(')) where test-retest correlation coefficients ranged from 0.86 to 0.92 for four NES tests. Other, as yet unpublished, studies on reliability of NES tests conducted under a variety of laboratory and field investigation conditions have yielded quite respectable estimates of reliability for most NES measures, that is, test-retest correlations of 0.6-0.9 (A. Mutti, personal communication; H. Emmen, personal communication). Investigation of potential reasons for some of the lower correlations obtained has already led to minor changes in the NES tests to improve their reliability.
One type of validation activity is to demonstrate that performance on the tests is sensitive to the intoxicating effects of known neurotoxicants under laboratory exposure conditions. Information of this sort is available for disruption of performance on NES tests by nitrous oxide and ethanol. Greenberg et al. (14) reported statistically significant slowing of performance of three NES tests of psychomotor speed with exposure to 20% nitrous oxide. Mahoney et al.(l?) replicated LETZ these findings and determined that performance on virtually all the NES tests employed in their study was statistically significantly disrupted by 40% nitrous oxide. In another laboratory study of 10 normal adult male subjects in a crossover design, the color word vigilance test showed statistically significant performance decrements with an oral dose of ethanol resulting in an average of 0.035% blood alcohol.(iI) In this study other NES tests, including simple reaction time and switching attention, showed performance decrements that were not statistically significant with such a small sample size but were all in the predicted direction.
Another common type of validation activity is to correlate performance on new tests with performance on established, standardized behavioral tests, assuming that we know that those tests are reliable and measuring what we want to measure. Research has indicated that NES tests (and other computer-administered tests) are only moderately correlated with standardized tests administered manually, for example from 0.42 to 0.76 for three NES tests reported by Baker et al. (13) At least two studies are currently underway comparing tests from the WHO core test battery with corresponding NES tests. One of these studies is being conducted in Holland, where data have been collected for over 250 participants (J. Hooisma, personal communication), and 1000 workers are to be tested in the United States in the other study (K. Anger, personal communication). These studies should add considerably to our understanding of the NES tests, but moderate, or even low, correlations between tests administered manually and via computer should not reflect negatively on the computerized tests. The manually administered tests have been borrowed from other areas of research and have not been validated for detecting subclinical effects under field-testing conditions.
Yet another source of information on validity of NES tests comes directly from epidemiological studies in which age-related declines in performance of NES are readily apparent.(l5-17) Such orderly, expected relationships between NES measures and a subtle effect of age-related declines in performance in healthy, working populations would not be expected from unreliable measures. This is particularly relevant information because it demonstrates sensitivity of the measures directly in the testing situation of interest.
EPIDEMIOLOGICAL STUDIES THAT HAVE USED NES
We have used NES in epidemiological investigations of potential neurotoxic effects of chronic exposure to mixed solvents among construction painters. In a study of 153 painters, we observed a relationship between an index of solvent exposure and negative mood state as well as an association between performance on the NES symbol-digit test and exposure.(l5) In another study of 186 construction painters,(i6) a negative relationship was observed between solvent exposure intensity and performance on the symbol-digit test, while controlling for such variables as age, education, and alcohol intake of the subjects. In addition, a negative relationship between solvent exposure intensity and performance on the continuous performance test approached statistical significance.(16) Solvent exposure intensity was observed to be related to self-report of symptoms and mood state in this study as well.
Some NES tests have also been used in a large-scale epidemiological study of the persistent effects of previous chronic exposure to inorganic mercury. A preliminary report of this study of 247 exposed men and 255 matched controls has been given.(I*) Although no relationship was found between mercury exposure and measures of mood and cognitive performance (digit span, visual memory, and symbol-digit), mercury exposure was significantly related to performance on the NES hand-eye coordination test and approached statistical significance for the NES simple reaction time test (p < 0.07). Some electrophysiologic and sensory measures (e.g., nerve conduction velocity) were also significantly related to mercury exposure.
Maizlish et al. (17) used several NES tests in a study of potential subchronic effects of organophosphate pesticide exposure among pest control workers. A total of 46 pest control workers and 53 nonexposed subjects (mean age about 30) were studied. Diazinon exposure was low at the time of testing, estimated at 1.5 mg for 39 days. Perceptual speed, as measured by the NES symbol-digit substitution test, was reduced among pest control workers compared with control subjects.
A summary of NES test scores from the published epidemiological studies just mentioned is presented in Table 1 . Data are also included from an unpublished study of nonneurotoxicantexposed outpatients who volunteered for NES testing while waiting for examinations mostly As can be seen in Table 1 , there is consistency of results across studies. However, there are some inconsistencies, due largely to the fact that NES is an evolving system and was applied while it was still developing. More agreement on the details of analysis of NES data is required, but exchange of raw data, whose collection was forced to be standardized by computer administration, should allow this development. Additional work on the precise nature of effects of age, sex, and education on NES performance is necessary, but ongoing studies and studies already completed should provide many of the raw ingredients for such information. These include 250 unexposed referents from the mercury study mentioned earlier,('8) 350 referent subjects in a study of chemical workers,(Ig)and over 1000 subjects tested in a study of effects of military service in Vietnam (R. Morris, personal communication).
CONCLUSIONS
We have developed a computer-administered neurobehavioral testing system that we believe is useful for application in a wide variety of situations for evaluating the effects of toxic substances on the central nervous system. Relationships between performance on NES tests and to both controlled laboratory exposure and chronic exposure have been reported, and a number of laboratories are currently using this system. Additional work on the most appropriate methods of data analysis is necessary, but a data base collected with a standard instrument will facilitate such efforts.
The evidence presented here has been restricted to the system with which I am most familiar. Other systems exist in the occupational sphere and have shown promise as well, most particularly the system developed by Iregren and colleagues. (20) As a final note I wish to reiterate the need for neurobehavioral testing as a part of routine medical surveillance in industry.(4) Such testing programs would:
Provide cross-sectional normative data for assessing precisely the effect of such factors as age, gender, educational level, socioeconomic level, and chronic alcohol intake directly in the population of interest 
